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ABSTRACT
Fused a l k a l i  n i t r a t e  has  been found to  o x id iz e  naph thacene  to  
n ap h th acen eq u in o n e . Trace amounts o f  ^ -n i t r o n a p h th a c e n e  ora  d e r i v a t i v e  
t h e r e o f  have been  d e t e c te d  by a c o lo u r  r e a c t i o n  w ith  s u lp h u r i c  a c id .  
9 -n i t r o n a p h th a c e n e  was o x id i s e d  r e a d i l y  by fu se d  a l k a l i  n i t r a t e  to  
n a p h th a c e n e q u in o n e . I t  i s  p roposed  t h a t  9 -n i t ro n a p h th a c e n e  i s  a  p r e ­
c u r s o r  i n  th e  o x id a t io n  o f  n aph thacene  to  the  c o r re sp o n d in g  qu inone .
I t  i s  a l s o  p roposed  t h a t  the  mechanism o f  n i t r a t i o n  o f  n aph thacene  by 
fu se d  a l k a l i  n i t r a t e  fo l lo w s  th e  same m e c h a n is t i c  p a th  ( a t t a c k  on the  
a ro m a tic  n u c le u s  by the  s p e c ie s  NOg^) as  does n i t r a t i o n  w i th  n i t r i c  
a c i d .  T h is  work s u p p o r ts  the  e q u i l i b r i u m  (NO^ NOg^ + 0
p o s t u l a t e d  f o r  fu sed  a l k a l i  n i t r a t e .
i i
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CHAPTER I  
INTRODUCTION AND HISTORICAL REVIEW
I n  the  p a s t  decade ch e m is ts  have become i n c r e a s i n g l y  aware o f
r e a c t i o n s  w hich can be c a r r i e d  o u t  i n  the  absence o f  the  u s u a l  p r o t i c  o r
Àa p r o t i c  s o lv e n t  m edia i . e .  r e a c t i o n s  i n  fu se d  s a l t s .  The u s u a l  chem ica l 
r e a c t i o n s  in v o lv in g  i o n i c  compounds a re  u n d e rs to o d  to  be c a r r i e d  o u t  i n  
the  c o n v e n t io n a l  s o lv e n t  - w a te r ,  w hich i s  u s u a l l y  d e l e t e d  when the  
s to ic h io m e t ry  o f  the  g iven  r e a c t i o n s  a re  c o n s id e re d .
I t  i s  n o t  d i f f i c u l t  to  u n d e rs ta n d  the  c h e m is t s '  a v e r s io n  to  
r e a c t i o n s  c a r r i e d  o u t  i n  m o lten  s a l t s ,  s in c e  the  h ig h  te m p e ra tu re s  
r e q u i r e d  (up to  1000°C f o r  most s a l t s ,  up to  2000°C f o r  many o x id e s  and 
s i l i c a t e s )  p r e s e n t  c e r t a i n  t e c h n o lo g ic a l  d i f f i c u l t i e s  i n  th e  l a b o r a t o r y .  
The r e c e n t  demand however fo r  the  p ro d u c t io n  o f  t i t a n i u m ,  z irc o n iu m , 
niobium  and o th e r  p o t e n t i a l l y  u s e f u l  b u t  e x p en s iv e  m e ta ls  by the  e l e c ­
t r o l y s i s  o f  m e l ts  has  fo rc e d  the  ch em is ts  to  ta k e  a  deep e r  i n t e r e s t  i n  
fu se d  s a l t  b e h a v io u r .  C e r t a i n l y  improvements i n  the  e l e c t r o l y t i c  p r o ­
c e s s  f o r  sodium and o th e r  common m e ta ls  a re  i n  o r d e r .  A gain th e  d e v e lo p ­
ment o f  a tom ic  power h as  c o n s id e r a b ly  in c r e a s e d  th e  im portance  o f  the  
s tudy  o f  m o lten  s a l t s .  An a tom ic r e a c t o r  c o n ta in in g  a c i r c u l a t i n g  l i q u i d  
f u e l ,  such as  a m ix tu re  o f  m o lten  s a l t s  has  many advan tages  over the  
c o n v e n t io n a l  r e a c t o r  u s in g  a  s o l i d  f u e l .
él More r e c e n t l y  th e  te rm  m o lten  s a l t  o r  i o n i c  melt; h as  been  u sed ,
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The developm ent o f  modern t h e o r e t i c a l  t r e a tm e n ts  o f  fu se d  s a l t s  
such as m o lten  e l e c t r o l y t e s ,  i o n i c  s o lv e n t s  and l i q u i d  s t a t e  i s  b ased  on 
e x p e r im e n ta l  i n v e s t i g a t i o n s  o f  i o n i c  m e l t s .  Fused s a l t s  p ro v id e  an op­
p o r t u n i t y  f o r  th e  s tu d y  o f  the  t h e o r e t i c a l  problem s b o th  i n  p h y s ic s  and 
ch e m is try  o f  the l i q u i d  s t a t e  over a  wide range  o f  te m p e ra tu re s  and f o r  
a v e ry  l a rg e  v a r i e t y  o f  sy s tem s . I t  i s  o f  g r e a t  im portance  th en  to  
o b ta in  a b e t t e r  u n d e r s ta n d in g  of the  n a tu r e  and mechanism of i o n i c  
r e a c t i o n s  i n  the  absence o f  w a te r  o r  o th e r  such s o l v e n t s .  The p r e s e n t  
i n v e s t i g a t i o n  i s  m a in ly  concerned  w ith  the  b eh a v io u r  o f  fu se d  a l k a l i  
n i t r a t e s .
Fused a l k a l i  n i t r a t e s  have been used  as s o lv e n t s  i n  many 
r e a c t i o n s .  Duke and Lawrence^ s tu d ie d  the  deco m p o si t io n  o f  d i l u t e  
s o l u t i o n s  o f  a l k a l i  b rom ates  i n  fu se d  a l k a l i  n i t r a t e s  i n  the  p re se n c e  
o f  a heavy d i v a l e n t  m e ta l  io n  The r e a c t i o n  i s  shown i n  e q u a t io n  ( l ) .
2 + k BrO "  >  2 MO + 2 Br^ +^0^ ( l )
The r a t e  of decomposition o f  b rom ates  v a r i e d  w ith  the  m e ta l  u se d .
2
Duke and S c h le g e l  r e p o r t e d  th e  fo l lo w in g  r e a c t i o n  ( e q u a t io n  2) 
betw een d ich rom ate  and a l k a l i  b rom ates  i n  fu sed  a l k a l i  n i t r a t e :
2 CrgO^"  ^ + 2 BrO^" ---------- >  k CrO^"  ^ + Br  ^ + 2 Og [2)
Duke and Iv e rs o n ^  s tu d ie d  the  r e a c t i o n  between d ich rom ate  and 
n i t r a t e  i n  fu se d  a l k a l i  n i t r a t e s .  The sequence o f  r e a c t i o n  s t e p s  was 
r e p r e s e n te d  by the  fo l lo w in g  e q u a t io n s :
C rg O y -2  + NOg+ + 2  C rO ^ -2  ( 5 )
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NOg"^  + NO " ---------- >  2 NOg + 0 (1+)
I t  can be seen  t h a t  th e  l a t t e r  r e a c t i o n  ( e q u a t io n  4) r e s u l t s  i n  a d e c re a se
+i n  the  t o t a l  a c id  c o n c e n t r a t i o n .  I f  NOg d id  n o t  decompose i n t o  i n s o lu b l e  
g a s e s ,  th e r e  would n o t  be any change in  the  t o t a l  a c id  c o n c e n t r a t i o n .  The 
r a t e  of d e c re a se  i n  a c id  c o n c e n t r a t i o n  i s  g iven  by th e  f i r s t  o rd e r  e x p re s s io n ;
d[ A]
-  ]
where [A,^] i s  the  t o t a l  a c id  c o n c e n t r a t i o n  and i s  e q u a l  to  th e  sum o f  th e
-2 +c o n c e n t r a t i o n s  of th e  s p e c i e s ,  CtgO^ and NOg .
The n i t r a t e  io n  c o n c e n t r a t i o n  does n o t  appea r  in  the  r a t e  
e x p re s s io n  s in c e  i t s  c o n c e n t r a t i o n  i s  e x c e e d in g ly  h ig h  ( s o lv e n t ) .  The 
e q u i l ib r iu m  (equa tion  5 ) which p roduces  NOg^ l i e s  f a r  tow ards th e  l e f t
“ I *and th u s  the  c o n c e n t r a t i o n  o f  NOg can be n e g l e c te d  compared w i th  t h a t  o f
—2 “2 CrgO^ . Thus [A^] i s  eq u a l  t o  [CtgO^ ] .  The e q u i l ib r iu m  c o n s ta n t  (k)
f o r  e q u a t io n  ( 5 ) i s  g iven  by th e  e x p r e s s io n :
P 2
[CrO^ ] [NOg ]
K =
S u b s t i t u t i o n  f o r  [A,^] and [NOg^] i n  th e  r a t e  e q u a t io n  le a d s  to  th e  r e l a t i o n
k KECrgO^'2 ]
Indeed  the  a u th o rs  found e x p e r im e n ta l ly  t h a t  the  a c t u a l  r a t e  was p ro p o r ­
t i o n a l  to  the  r a t i o  [CrgO,^ ^]^[CrOj^ . They o b ta in e d  th e  p ro d u c t  of
the  e q u i l i b r i u m  c o n s ta n t  and r a t e  c o n s t a n t ,  b u t  were u n ab le  to  s e p a ra te  
them.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Duke and Yamamoto^ s tu d ie d  th e  r e a c t i o n  o f  p y ro s u lp h a te  i n  
fu se d  a l k a l i  n i t r a t e .  The r e a c t i o n  p roved  s i m i l a r  t o  th e  d ichrom ate  
n i t r a t e  r e a c t i o n :
v = = ^  NOg^ + 2  ( 5 )
NOg^ + NO "  > 2 NOg + 0 ( 6 )
The r a t e  of d e c re a se  i n  a c id  c o n c e n t r a t i o n  i s  g iv e n  by;
]
, -   i -  = k[NO +]
d t
where [A,^] = [SgO^ + [NOg^]. The e q u i l ib r iu m  c o n s ta n t  f o r  e q u a t io n  
( 5 ) i s  g iv e n  by :
2
[NO
K =  1 — ^
+ - 2S u b s t i t u t i o n  f o r  [NOg ] and [SgO^ ] i n  term s o f  the  r a t e  c o n s ta n t ,  
e q u i l ib r iu m  c o n s ta n t  and s u lp h a te  c o n c e n t r a t i o n  a f f o r d s  the  r e l a t i o n :
d[A^] k K[A^]
2
K + [S O j^" l
A p l o t  o f  In  [A,j,l a g a i n s t  time h as  a  n e g a t iv e  s lo p e  o f  ;
k KkV =
K + [ SO^ "]
9 2 
1 [ s o ^ -  ]
k K
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D e te rm in a t io n  of a  s e r i e s  o f  v a lu e s  fo r  k c o r re s p o n d in g  to  th e  [SOi
_2 2
c o n c e n t r a t i o n  en ab led  th e  a u th o rs  to  make a p l o t  o f  l / k  a g a i n s t  [SO^ ] 
from w hich th e  v a lu e s  o f  k and K were c a l c u l a t e d .
Duke and Iv e rso n ^  have shown t h a t  d ich rom ate  o x id i z e s  bromide 
io n  i n  fu s e d  a l k a l i  n i t r a t e  v i a  th e  fo l lo w in g  s t e p s :
C rgO "^+  NO " -----------> NOg"^  + 2 CrO^"2 ( 7 )
B r“ + NOg+ -----— > Br + NOg (8 )
0
I t  i s  p ro b ab le  t h a t  NOgBr (Br '—  N —>■ O) s e rv e s  as  an in t e r m e d ia te  i n  
t h i s  r e a c t i o n .
Bennett and Holmes^ have r e p o r t e d  t h a t  when Manganese I I  io n  i s
d i s s o lv e d  i n  fu s e d  a l k a l i  n i t r a t e ,  o x id a t io n  to  MnOg o c c u r s .  In  the  same
-2s o lv e n t  MnO^ decomposes to  y i e l d  MnOg. MnO^  ^ io n  which i s  g reen  i n  
c o lo u r  was found to  b e ’ an i n t e r m e d ia te  i n  t h i s  r e a c t i o n .  The fo l lo w in g  
e q u a t io n s  (9 , 10 and 11 ) were s u g g e s te d  to  e x p l a in  th e s e  r e a c t i o n s .
Mn '^^ + 2 NO " —------- > MnOg + 2 NOg ( 9 )
4 MnO^ + 2 NO " —------- ^  4 MnO^"^ + 2 NOg^ + Og , (lO)
2 MnO^"^ + 2 NOg"^  -----------> 2 MnOg + 2 NO " + Og ( l l )
7
On the  b a s i s  o f  th e  above s t u d i e s  Duke' p ro p o ses  t h a t  i n  fu sed  
a l k a l i  n i t r a t e s ,  n i t r a t e  io n  d i s s o c i a t e s  ( e q u a t io n  12) i n t o  n i t ro n iu m  
io n  ( a l s o  known as n i t r y l  io n )  and ox ide  io n ;
NO " — NOg^ + O"^ ( l2 )
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This p ro c e s s  i s  analogous  in  many r e s p e c t s  to  th e  i o n i c  d i s s o c i a t i o n  o f  
w a te r  ( e q u a t io n  I 5 ) i n t o  hydrogen io n  and hyd ro x y l i o n .
HgO + OH" ( i j )
In  c o n s id e r a t i o n  o f  the  f a c t  t h a t  n i t r o n iu m  io n  and ox ide  io n  a re  s t r o n g e r  
a c id  and b ase  r e s p e c t i v e l y  th a n  hydrogen  io n  and hyd ro x y l i o n ,  th e  n i t r a t e  
io n  may n o t  be e x p ec ted  to  d i s s o c i a t e  as  much as w a te r .  At p r e s e n t  th e r e  
a re  no sim ple  methods f o r  m easu ring  th e  c o n c e n t r a t i o n  o f  n i t r o n iu m  io n .
I t  i s  o f  i n t e r e s t  to  de te rm ine  w hether  th e  above p roposed  n i t r a t e  d i s ­
s o c i a t i o n  ta k e s  p la c e  and to  what e x t e n t .
N itro n iu m  io n  has long  been  c o n s id e re d  by th e  o rg a n ic  ch em is ts  
as th e  s p e c ie s  in v o lv e d  i n  th e  a c id  c a t a ly z e d  n i t r a t i o n  o f  a ro m a tic  
h y d ro c a rb o n s .  Indeed  th e  s p e c t r a l  ev id en ce  p o in t s  to  the  e x i s t e n c e  o f
Q
t h i s  h ig h ly  a c t i v e  s p e c i e s .  Raman S p e c t ra  o f  n i t r i c  a c id  and i t s  
aqueous s o l u t i o n s  i n d i c a t e  th e  d i s s o c i a t i o n  o f  n i t r i c  a c id  i n t o  NOg"*" and 
NO^ a c c o rd in g  to  e q u a t io n  ( l 4 ) :
2 HNO^  NOg  ^ + NO^" + HgO ( i k )
The p o s i t i v e l y  charged  n i t r o g e n  atom a t t a c k s  a ro m a tic  h y d rocarbons  by 
l o c a l i s a t i o n  of art bond o f  the  a ro m a tic  n u c le u s  to  y i e l d  th e  n i t r o -  
d e r i v a t i v e .  Thus i t  appea rs  r e a s o n a b le  t o  assume t h a t  th e  n i t r o n iu m  io n  
which r e s u l t s  from the  p roposed  d i s s o c i a t i o n  o f  fu se d  n i t r a t e  may be u sed  
fo r  the n i t r a t i o n  o f  an a ro m a tic  h y d ro ca rb o n .  N aphthacene , a h ig h  m e l t in g  
a ro m a tic  hydrocarbon  ^  ^  chosen to  i n t e r c e p t  th e  n i t ro n iu m
io n  i n  fu sed  n i t r a t e .  S ince  the  9-10 p o s i t i o n s  o f  the  n aph thacene  are  
th e  m ost a c t i v e ,  th e n  9 ~ n itr© naph thacene  o r  an o x id a t io n  p ro d u c t  th e r e o f
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
7shou ld  be ex p e c te d  as  a m ajor p ro d u c t  o f  n i t r a t i o n  i f  N0_ i s  th e  a t t a c k i n g
c.
ag en t .
The n i t r a t i o n  o f  naph thacene  w i th  n i t r i c  a c id  was p r e v io u s ly
9
r e p o r t e d  by B e d n ig in a ,  P a n f i l o v  and P o s t o s k i i  . N aphthacene was found to  
y i e l d  u n s ta b l e  d ih y d r o n i t r o  d e r i v a t i v e s  due to  th e  a d d i t i o n  o f  n i t r i c  a c id  
a t  the  para  .p o s i t io n s  o f  one o f  th e  m idd le  r i n g s .  When g - n i t r o ,  1 0 -c h lo ro -  
d ihy d ro n ap h th acen e  was t r e a t e d  w i th  3O p e r c e n t  aqueous sodium h y d rox ide  
f o r  s e v e r a l  h o u r s ,  g -n i t r o n a p h th a c e n e  was o b ta in e d .  9 -n i t r o n a p h th a c e n e  
was found to  be l e s s  s t a b l e  th a n  9 -% i t ro a n th ra c e n e .  Thus s o l u t i o n s  o f  
9 -n i t ro n a p h th a c e n e  a re  u n s t a b l e  even on s ta n d in g  a t  room te m p e ra tu re .
9 , 10-naph thacenequ inone  i s  the o x id a t io n  p ro d u c t  and can be o b ta in e d  i n  
q u a n t i t a t i v e  y i e l d s .  A l l  the  d e r i v a t i v e s  o f  naph thacene  c o n ta in in g  a 
n i t r o  group y i e l d  a deep b lu e  c o lo u r  on t r e a tm e n t  w ith  c o n c e n t r a te d  s u l ­
p h u r ic  a c id  i n  c o n t r a s t  t o  a g reen  c o lo u r  f o r  n aph thacene  and a  r e d  c o lo u r  
f o r  n a p h th a c e n e q u in o n e ,
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CHAPTER I I  
: EXPERIMENTAL
A. M a te r i a l s
F i s h e r  a n a l y t i c a l  g rade  chem ica ls  were u se d .  Naphthacene was 
o b ta in e d  from the  B r i t i s h  Drug Houses L im ite d .  N i t r a t e s  were d r i e d  a t  
110°C b e fo re  u s e .
B. P rocedu re
The a p p a ra tu s  used  i n  t h i s  i n v e s t i g a t i o n  i s  shown i n  the
diagram  on th e  fo l lo w in g  p ag e .  , The fu rn a c e  was p r e h e a te d  to  1 5°»
The components ( a ro m a t ic  h y d ro ca rb o n ,  NaNO a n d /o r  KNO ) were p la c e d  i n
P 5
th e  r e a c t i o n  v e s s e l  which was s u b se q u e n t ly  f lu s h e d  w ith  dry  n i t r o g e n ,  
e v a c u a te d  and s e a l e d .  The v e s s e l  was th e n  low ered  i n t o  the p y rex  o u te r  
chamber f o r  v a ry in g  t im es  (5 m inu tes  to  2 h o u r s ) .  The r e a c t i o n  v e s s e l  
was th e n  removed and a llow ed  to  coo l to  room te m p e ra tu re ,  whereupon the  
r e a c t i o n  m ix tu re  was ground w i th  a m o r ta r  and p e s t l e .  E x t r a c t i o n  w i th  
ch lo ro fo rm  was fo llo w ed  by d i s s o l u t i o n  o f  most o f  th e  i n s o l u b l e  m a t e r i a l  
i n  w a te r .  S ince n aph thacene  i s  in s o lu b l e  i n  w a te r  and o n ly  s l i g h t l y  
s o lu b le  i n  ch lo ro fo rm  a r e a s o n a b le  s e p a r a t i o n  o f  th e  s t a r t i n g  m a t e r i a l  
was e f f e c t e d .
The ch lo ro fo rm  e x t r a c t  was s u b je c t e d  to  ch rom atog raph ic  a n a ly ­
s i s  u s in g  a lu m in a .  P e tro leu m  e t h e r  ( b . p .  J>0-60°C) was u sed  as th e  e l u e n t .  
P ro d u c ts  were i d e n t i f i e d  by i n f r a - r e d  s p e c t r a  and mixed m e l t in g  p o in t  
d e te rm in a t io n s  w i th  a u t h e n t i c  sam p les .







ARRANGEMENT OF THE APPARATUS
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c .  P r e p a r a t i o n  o f  9 -N itro n a p h th a c e n e
F o llo w in g  th e  p ro ced u re  employed by B ed n iag in a ,  P a n f i l o v  and 
P o s t o s k i i ^ ,  powdered n aph thacene  ( l  gm -  O.OOtl mole) was suspended i n  
g l a c i a l  a c e t i c  a c id  (20 ml) and was co o led  i n  an i c e - w a te r  b a t h .  Con­
c e n t r a t e d  n i t r i c  a c id  f r e e  o f  o x ides  o f  n i t r o g e n  (20 ml) was added to  
th e  su sp e n s io n  w i th  s t i r r i n g .  As soon as th e  su sp e n s io n  changed to  a 
c l e a r  s o l u t i o n  a  m ix tu re  o f  c o n c e n t r a te d  h y d r o c h lo r i c  a c id  (20 ml) and 
g l a c i a l  a c e t i c  a c id  (10 ml) was added and the  r e a c t i o n  mass was s t i r r e d  
f o r  one h ou r  w h ile  th e  te m p e ra tu re  was k e p t  below $°C. The y e l lo w  p r e ­
c i p i t a t e  which formed was re c o v e re d  by f i l t r a t i o n  and washed s u c c e s s iv e l y  
w i th  a c e t i c  a c id  and w a te r .  The p r e c i p i t a t e  th u s  o b ta in e d  was t r e a t e d  
w i th  50 p e r c e n t  aqueous sodium h y d ro x id e  (20 ml) w i th  g ra d u a l  h e a t i n g  
to  50°C on a w a te r  b a t h .  The s l u r r y  o f  c r y s t a l s  g r a d u a l ly  became re d  i n  
c o lo u r .  A f t e r  ab o u t t h r e e  h o u rs ,  the  r e a c t i o n  m ix tu re  was d i l u t e d  w i th  
w a te r .  The p r e c i p i t a t e  was r e c o v e re d  by f i l t r a t i o n  and washed c o p io u s ly  
w i th  w a te r .  A f te r  d ry in g  i n  a vacuum d e s s i c a t o r ,  th e  r e d d i s h  p r e c i p i t a t e  
was found to  m e l t  w i th in  th e  range  184-189°C ( y i e l d  0 .8 1  9» - 7 5 ^ ) .
D. P r e p a r a t io n  o f  9 j 10"N aphthacenequinone
The p ro ced u re  adopted  by B ed n ig in a ,  P a n f i l o v  and P o s to s k i i ^  
was fo l lo w e d .  F in e ly  d iv id e d  naph thacene  ( 0 .4  gm -  O.OOI8 mole) was 
suspended i n  g l a c i a l  a c e t i c  a c id  (8  ml) and was co o led  i n  an i c e - w a te r  
b a t h .  C o n c e n t ra te d  n i t r i c  a c id  (8 ml) which was freed from oxides of 
n i t r o g e n  by b low ing w i th  a i r  was g r a d u a l ly  added to  th e  s u sp e n s io n  w ith  
v ig o ro u s  s t i r r i n g .  As soon as th e  s u sp e n s io n  was c o n v e r te d  i n t o  a c l e a r  
s o l u t i o n ,  th e  r e a c t i o n  m ix tu re  was poured  in t o  w a te r  and th e  p r e c i p i t a t e  
which formed was removed by f i l t r a t i o n .  T h is  p r e c i p i t a t e  was b o i l e d  w i th
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a c e t i c  a c id  f o r  10 m inu tes  whereupon i t  c r y s t a l l i z e d  as y e l lo w  n e e d le s ,  
m e l t in g  p o i n t  285 - 289°C ( y i e l d  0 .2 J  gm -
E. R e a c t io n  of 9 -N itro n a p h th a c e n e  w ith  Fused Sodium N i t r a t e
A m ix tu re  o f  sodium n i t r a t e  (5 gms -  O.069  mole) and 9 - n i t r o ­
naph thacene  (0 .1 5  gm" -  0.00055  mole) was p la c e d  i n  th e  r e a c t i o n  v e s s e l  
which was s u b se q u e n tly  f lu s h e d  w i th  n i t r o g e n ,  e v a c u a te d  and s e a l e d .  The 
v e s s e l  was h e a te d  i n  th e  p r e h e a te d  fu rn a c e  (545°C 1 5°)  f o r  f i f t e e n  
m in u te s .  A f te r  c o o l in g  to  room te m p e ra tu re ,  the  o rg a n ic  p o r t i o n  was 
e x t r a c t e d  w i th  c h lo ro fo rm . The p ro d u c t  was i d e n t i f i e d  as 9>fO -naph tha- 
cenequinone i n  th e  u s u a l  manner ( y i e l d  O . I I 85 gfn - 8 4 ^ ) .
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CHAPTER I I I  
RESULTS AND DISCUSSION
The t a b l e  below shows th e  r e s u l t s  o f  h e a t in g  naph thacene  w ith  
fu se d  sodium n i t r a t e ( s ) . As can be seen  from the  t a b l e ,  9 ;fO -% apbtha- 
cenequinone was th e  on ly  o rg a n ic  p ro d u c t  which was i s o l a b l e  and i d e n t i ­
f i a b l e  by c l a s s i c a l  a n a l y s i s .  An a p p r e c ia b le  amount o f  i n t r a c t a b l e  
t a r  was o b ta in e d  as w e l l  as u n re a c te d  n a p h th a c e n e , , w i th  ev e ry  ru n .  I t  
was n o t  p r a c t i c a l  to  c o n t in u e  h e a t in g  th e  r e a c t i o n  m ix tu re  f o r  lo n g e r  
p e r io d s  th a n  one h o u r ,  s in c e  no a p p r e c ia b le  in c r e a s e  i n  y i e l d  r e s u l t e d .
In  f a c t ,  a marked d e c re a se  i n  y i e l d  was n o te d  on h e a t i n g  f o r  two h o u rs .  
A lthough 9 -n i t ro n a p h th a c e n e  cou ld  n o t  be o b ta in e d  as a s e p a r a t e  e n t i t y  
from the  r e a c t i o n  m ix tu re ,  ev id en ce  f o r  i t s  p re se n c e  i n  t r a c e  amounts 
was r e a l i z e d .  Thus when the  crude  r e a c t i o n  p ro d u c t  was ground w ith  a 
m o r ta r  and p e s t l e ,  the  r e s id u e  on th e  m o r ta r  gave a p o s i t i v e  t e s t  (b lu e  
c o lo u r  w i th  c o n c e n t r a te d  s u lp h u r i c  a c id )  f o r  th e  p re se n c e  o f  e i t h e r  9 - 
n i t ro n a p h th a c e n e  o r  d e r i v a t i v e s .  U n reac ted  naph thacene  as w e l l  as  9 ,1 0 -  
n aph thacenequ inone  c o u ld  a l s o  be d e t e c te d  by the  c h a r a c t e r i s t i c  c o lo u rs  
which developed  ( p a le  g reen  and deep r e d  r e s p e c t i v e l y )  on t r e a tm e n t  w i th  
s u lp h u r ic  a c i d .  B ed n iag in a ,  P a n f i l o v  and P o s t o s k i i ^  showed t h a t  th e s e  
c o lo u rs  were s p e c i f i c  f o r  9 - n I t ro n a p h th a c e n e  and i t s  d e r i v a t i v e s ,  n a p h th a ­
cene and 9 ,1 0 -n a p th a c e n e q u in o n e . A gain when th e  crude  o rg a n ic  m a t e r i a l  
was s u b je c te d  to  a n a l y s i s  f o r  carbon, hydrogen and nitrogen, a small 
amount o f  n i t r o g e n ,  0.4-5 p e r c e n t ,  was d e t e c t e d .
12
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REACTION OF NAPHTHACENE WITH FUSED ALKALI NITRATE ( 1 )
S o lv en t Temperature Time Organic Reaction ^ Yield Product
5 gms of NaNO, 345°c t  5°. 15 min 10 .3
5 gms of NaNO^ 15 min 9 .9
5 gms of NaNO^ 3^5°C - 5° 55 min 11.6
5 gms of NaNO^ 5^5°C t 5° 55 min 1 1 .0 ( 2 )
5 gms of NaNO^ 5^5°C - 5° 1 hour 12.5
5 gms of NaNO^ 5^5°C - 5° 1 hour 12.2
5 gms of eutectic 250°C - 5° 50 min
(NaNO + KNO^)
9 .5
(1) 0 . 2  gmr of naphthacene was treated with the fused nitrate in all the
reactions.
(2 ) 85^ of the naphthacene was recovered unreacted.
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The d i f f i c u l t y  in v o lv e d  i n  th e  i s o l a t i o n  o f  an a p p r e c ia b le  
amount o f  9 -n l t r o n a p h th a c e n e  was n o t  unexpec ted  s in c e  an a u t h e n t i c  sam­
p le  was o x id iz e d  r a p id l y  to  9 , 10“h aph thacenequ inone  in  n e a r  q u a n t i t a t i v e  
y i e l d s  by th e  fu sed  n i t r a t e .  A gain , B ed n iag in a ,  P a n f i l o v  and P o s to s k i i ^  
found t h a t  9 -n i t ro n a p h th a c e n e  was r e a d i l y  o x id iz e d  to  th e  c o r re sp o n d in g  
quinone under ex tre m e ly  m ild  c o n d i t i o n s .  Thus o x id a t io n  was found to  
occu r  even  on a t te m p te d  r e c r y s t a l l i z a t i o n  from h o t  o rg a n ic  s o lv e n t s  
( a c e t i c  a c i d ,  b enzene ,  and c h lo ro fo rm s ) .
The p re se n c e  o f  t r a c e  amounts o f  9 -n i t r o n a p h th a c e n e  ( o r  d e r i ­
v a t i v e s )  a lo n g  w i th  th e  i s o l a t i o n  o f  9 , 10-n a p th ta c e n e q u in o n e  s u p p o r ts  the
Y
p o s t u l a t e  o f  Duke , i . e .  t h a t  th e  fo l lo w in g  fu se d  n i t r a t e  e q u i l i b r i u m  
does e x i s t .
NaNO^ (7-==::.:=:^ NO^’*’ + ONa"
The p re s e n c e  o f  n i t r y l  r a d i c a l  ( ‘NOg) i s  d is c o u n te d  s in c e  non s e l e c t i v e  
n i t r a t i o n  would be e x p e c te d .  Hence, su bsequen t o x id a t io n  p ro d u c t  o th e r  
th an  9 ,1 0 -n a p h th ace n eq u in o n e  would be r e a l i z e d .  I t  i s  p roposed  th e n  t h a t  
n i t r a t i o n  o f  naph thacene  occu rs  by e s s e n t i a l l y  the  same mechanism as t h a t  
p roposed  f o r  aqueous n i t r a t i o n s  o f  a ro m a tic  compounds. For th e  p r e s e n t  
i n v e s t i g a t i o n  th e n  th e  fo l lo w in g  scheme o f  r e a c t i o n s  on the  n e x t  page i s  
most l i k e l y .
A ccording  to  t h i s  scheme, b o th  9 -n i t ro n a p h th a c e n e  and th e  10- 
h y d ro x y d e r iv a t iv e  (o b ta in e d  on quenching  the  r e a c t i o n  i n  w a te r )  a r e  con­
s id e r e d  as  r e a s o n a b le  p r e c u r s o r s  to  9 ,1 0 -n a p h th a c e n e q u in o n e . E i th e r  
one would g ive  a  deep b lu e  c o lo u r  when t r e a t e d  w i th  c o n c e n t r a te d  s u lp h u ­
r i c  a c id .
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T e s ts  were a l s o  c a r r i e d  o u t  to  s tu d y  th e  r e a c t i o n s  o f  a n t h r a ­
cene and p h en an th ren e  w i th  fu sed  n i t r a t e  under s i m i l a r  r e a c t i o n  c o n d i t i o n s .  
Even though th e re  was ev id en ce  o f  a v e ry  slow  r e a c t i o n  ( s l i g h t  d i s ­
c o l o u r a t io n )  no p ro d u c t  o th e r  th a n  th e  r e a c t a n t s  cou ld  be i s o l a t e d .
I n v e s t i g a t i o n s  w i th  o th e r  a ro m a tic  h y d rocarbons  w i th  the  hopes 
o f  i s o l a t i n g  a n i t r a t i o n  p ro d u c t  w hich i s  s t a b l e  under th e  r e a c t i o n  con­
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